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Resistances between Power Micro-Bumps

KouTARO HAcCHIYAL:®)

Abstract: Low power techniques for integrated circuits make their power distribution networks complicated
and raise demand for testing on-chip power grids. In this paper, a method is proposed which places pads and
power micro-bumps on all intersections of a power grid, and measures resistances between the micro-bumps
to detect open defects in wires and vias of the grid. Experimental simulation results show that the method
can detect full- and resistive-open defects in all wire segments of the power grid with over 99.78% defect
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Detecting Open Defects in On-Chip Power Grids by Measuring

coverage.
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Fig. 1 Cross section of power distribution network in 3D-IC.
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Fig. 2 Probability distribution of resistance between a pbump

pair.
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Fig. 3 An example of power grid.
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Fig. 4 Micro-Bump Placement in The Proposed Test Method.
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Fig. 5 Correlation between R(1-1,1_2) and R(1-2,1.3).
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Table 1 Diagnostic Performance of Detecting Full-Open De-

fects in Representative Wire Segments
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Table 3 Diagnostic Performance of Detecting Resistive-Open

Defects in Wire Segments at The Center

T A PR DERE 7 A > b
ol i} rh g
W1, | w1, | W(65-65, | W(65.65,
1.2) 2.1) 65_66) 66_65)
VC %L | 953 9.57 6.26 6.30
RMD
VCHH | 146 14.7 14.1 14.3
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Rwire (Q)

6 MU Rq &7 A P4 7 A ¥ N DS Ryire DEAR
Fig. 6 Relationship between R; and Ryire-
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Table 2 Diagnostic Performance of Detecting Resistive-Open

Defects in Wire Segments at The Upper Left Corner

T A MRROFERE 7 A > b
W(1.1,1.2) W(1.1,2.1)
Ruin (Q) 2.05 3.00 4.00 | 2.05 3.00 4.00

VC7&L | 1.76 471 6.40 | 1.76  4.73 6.43
VCHH | 289 928 137 | 2.89 928 13.8
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U7z, HIRD72® Ry, 23 Q & 4 QITERELZE E0fE
HBEHERUT

BIRZV Yy FOHRRIZH S 2 D0 YL 7 AV b
W (65-65,65.66) & W(65-65,66_65) DILPUIEA — 7> il
Rz T AT EOLWMEREZR3IITRT. Rym =
Hrwire + 30wire & U7z & EDMPUMEA — 7V ilRIX, VO %
WM 5 RMD H 3 & 705 - FEMHMN L2 EERE TH
HWHRETH S, Ry =3 QU ETHNIE, VCHRUTHIK
PiMEA — T VA RIET 5 Z e TE B.
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T A MHROAHRE T A Vb
W (65.65, 65_66) W (65_65, 66_65)
Runin (Q) 2.05 3.00 4.00 | 205 3.00 4.00
VOC#&L | 1.13 287 382 | 1.14 289 3.85

RMD
VC b 287 876 122 | 2.88 8.80 12.3
~ 100.00
S SERA—T
& 99.95
)
s 99.90
g
8 99.85
E 99.80 L *&H‘Lﬁzj—”—zﬁ/ (Rpin://twirei'30'wire). i N
)
S 9975
0.0001 0.001 0.01 0.1

Yield Loss Y; (%)

7 2fRE AV NETFARNLEZLEED F-Y, PL—F% 7
HH A

Fig. 7 F-Y1, Trade-off curves for testing all wire segments.

4.5 ERIRET XV b OWMERHR

BIRZY Yy FNNORTORMRE A Y v E2T A ML L
EOMBEREER F XX (1)~3) ZHVWTEHHET S Z A
TE5. HSEEVEK Y, 22438 T, 2t s AV
N D5ERA — T VIR X CHEPUE A — T R E T A
Lz &D F-Y, bL—=FA7hiiE2X 712589, WT
NH VC ZHEM U7, Ruin = Hwire + 30wire CHEBIMEA —
TUMEE T AN Uz & & OEER T RIX 99.78 %A L&
BoTWb., TRTOTA VY=t AY DA, VC %
#HHTEE, R Q) DePFIER2) Dol K0EFT 5L
SWEE D720, BEEE RTH &, R L TR0
LR R P IS O BEE Y, BB LTHIFLACE
(AVRGAY AN

4.6 WHURAIEDE
K3 IZRTERZY Y NOERTORMOBIL 128 x 128 =
16,384 TH HEFETIEHRABDO NNy Revr 2w - Y
TIWRETH L. £ TOHRES S L OIEHE S [H DR
v OB (127 x 128) + (127 x 128) = 32,512 TH
5, INSETORMEE AV MEF A M BIZIEFRBD
BHEDSBEL 25,

5. FEHESERDEE
KX TIEF v TNERZ ) v ROF7=T7 A N Fikz
BELE. MKy Ial—ya Itk 35E8BTIE, BIFS

Uy FNOLEIEE 7 AV FDT A NTIE 99.78%LA LD
BRI R PGS Nz, BEFIRICLD, itz AV b
DIEeA — 7 i & BB A — 7 MR & 52 Y 7
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MHEETTANTELLEZONS. LR TS HROHHE
IZDOWTEedb.
REFIETITASRE 7' A ¥ MR AR OEHE %2
BT RBERD Y, EERTHWEZ LD R K2 ER S v
FIZHEBITHE T 2121, HIE R OHK* BIST LA
HThbeEZONS., —MKkIZ, AXVEE (Fa—nu
BiRiE) DOERTIE, IZIELTOA— T ViRl e 4+ —
TVBEETH B [17). AR T AV DR A — T iR
DT AMDAEZRTNE, M2 HES 2 & 2B
B 2EBOMMEI AV Ve~ —UT 52 22X b HllE
BEHRT 2 Z LD THDILEALNDS.
REFIRILSIF v 7O T A M2 HME LTWE 7
b, WEOMIEDAZEZBLTE Y, WEOSH - RHET
5 ZFFEL TV, STk [11], [12] TREI AT
LIRES TR IGH T, ORI A Y NPT
WZHBED D D RET N TEDEEZOND.
£, KBHXDOYIal—varTlE, BFESY v RIC
LU TIROEREZMLHL TV 3.

o HEF Ny Re<arrm - Ny TOEH

o HLBLMIERRE

o fHDEF Y N (BHIZ1EX GND) LDV -2 kA
<A o8 - N TOEPIE Sy NP ZE &S TH 10 mQ
FREC, BMERZEIEZ 3 mQEELF R 5N 5 [20]. MK
FOWY MD 354 — 7 VilEcidi 1 Q, &k
F—=TUMETIIN 01 QTHhDB7D, 171 - N
DEFE S DS e A — T VIED T A b TIRERTE
L0, BPEA — T UED T 2 N TIXBETEREAME N T
LHlHeMED D 5. HPTHIE R EIXNE FIEIC Lo TR S
72, BHERNEREE % B U T2 gz 3 3E ik
RPRTET DHEND L. WEREPPHE RN, Thd
TV T HIVAREITIZELD A A TR WMERE N DR % FLAl 3
5ZEMNTESL. LD 3IDDOBEROMEIIRES RV E
FEZoNDID, T DB EFE L M IE5HOHE
Th5.

BiEE AW JSPS BHFE JP19K11883 D BIAL % 5 1F
ZHDTH 5.
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